HPLC pump and division of Millipore U6K injector (Waters, USA); a stainless-steel column (20 cmX5 mm i.d.) packed with 6 µm reversed-phase YWG-C18. The fluorescence spectrum were obtained with a fluorescence spectrophotometer (Shimadzu RF-540). Chemiluminescence spectrum were taken using a flow cell with a fluorescence spectrophotometer (RF-540) by closing the excitation slit. A schematic diagram of the apparatus is shown in Fig. 1 .
Reagents
All solutions were prepared from analytical-reagent grade materials in deionized and distilled water. A 5.0X10-2 mol/l stock solution of Ce(IV) was prepared by dissolving 3.3431 g of ammonium cerium(IV) sulfate tetrahydrate (Ce(S04)2.2(NH4)2.4H2O) (Beijing Chemical Engineering Plant) in 0.1 mol/l sulfuric acid and diluting to 100 ml with the same acid. A 2X10-3 mol/l stock solution of Rhodamine B (Rho-B) was prepared by dissolving 0.0958 g of Rhodamine B (Beijing Chemical Engineering Plant) in water and diluting with water to 100 ml.
A stock solution of glutathione (GSH, 10-2 mol/1), cysteine (Cys, 10-2 mol/1), papain (2.8X10-4 mol/1) and dithiothreitol (DTT,10-2 mol/1) were prepared and kept in a refrigerator at 4° C.
Procedure of postcolumn chemiluminescent detection Keep the sampling always in the "wash" position until the baseline is established on the recorder. Adjust the sample to allow the analytical solution and washing water to enter into the manifold for 30 s and 10 s, respectively. The photomultiplier (GD-1) was operated at --700 V. Mixed solution of both Rhodamine B (4X10.4 mol/1) and the sample were continuously pumped into the manifold; volumes of 200 µl of solutions of Ce(IV) (8.0X10-3 mol/l) were injected into the stream of the reductant by a six-way valve.
Chromatographic procedure
The procedure of HPLC separation with chemiluminescent detection is shown in Fig. 1 . A mixture of GSH and Cys was injected directly on to the HPLC column with postcolumn CL detecion. The recommended eluent was acetonitrile-water-0.1 mol/l NaAC-HAC buffer (20+180+30 v/v/v) at a flow-rate of 0.9 ml/min. The condition of postcolumn CL detection was the same as that for the flow-injection method. Results 
and Discussion
Optimization of the conditions of the postcolumn CL reaction A series of experiments was conducted to establish the optimum analytical conditions for the postcolumn CL reaction. The optimized parameters optimized included the flow-injection of the reagents, the flow-rate of the reagents, the Ce(IV) concentration, the Rhodamine B concentration and the concentration of sulfuric acid. The results show that the optimum conditions are a flowrate of 5.0 ml/min of Rhodamine B and the sample and an injector volume of 200 µl Ce(IV), 10.0X10-3 mol/l Ce(IV), 4.0X10.4 mol/1 Rhodamine B and 1.5 mol/l H2SO4.
Interferences
In order to assess the possible analytical applications of this CL method, the effects of some common amino acids, ascorbic acid and human serum albumin were studied for the determination of 2X10-5 mol/l GSH solutions. No interferences could be observed when including up to l0-fold weight concentrations of glutaminic acid, glycine, cystine, ascorbic acid or human serum albumin in the 2X10-5 mol/l GSH.
Analytical parameters of postcolumn CL reaction
Under the selected experimental conditions described above, the analytical parameters for the determination of the four mercapto-compounds by the flow-injection method with chemiluminescent detection are given in Table 1 . The limit of detection was obtained by a method of Hernandez.'
Application
In order to evaluate the analytical usefulness of the recommended method, GSH and Cys were determined in human serum using the standard addition procedure. The results are shown in Table 2 . The recoveries were above 97%.
Effect of an organic solvent on the emission intensity When CL detection is used for HPLC postcolumn detection, the mobile phase composition is particularly important. The mobile phase should not contribute to the background CL or significantly quench the CL intensity of the analyte. Further, there must be no precipitate formation when it is mixed with the postcolumn reagents.
In order to assess whether the method can be used for the determination of GSH and Cys after liquidchromatographic separation for other compounds by using an aqueous organic solvent as the mobile phase, the Table  1 Analytical parameters for the determination of four mercapto-compounds Table 2 The recoveries of GSH and Cys from human serum effect of some common organic solvent, methanol, ethanol, acetone and acetonitrile was investigated for the determination of 1X10-5 mol/1 GSH solutions, using the above flow-injection system. The effect of an organic solvent on the CL intensity is shown in Fig. 2 . It can be seen that the CL intensity was quenched due to the presence of organic-solvent aqueous solutions. The effect of acetonitrile in four organic solvents was lowest. Up to 30%(v/v) acetonitrile in water did not affect the CL intensity severely. The reduction of the CL emission intensity may be due to non-chemiluminescence oxidation by Ce(IV) with solvent. Another reason for the reduction of the CL emission intensity may be due to a solvent effect of the organic solvent, which makes the energy transfer from a transient complex as an exciter to Rhodamine B become difficult. Thus the CL emission intensity was reduced.
HPLC separation with CL detection Based on experiments using an organic solvent, acetonitrile was used as an organic modifer for the eluent in the reversed-phase HPLC separation of GSH and Cys. A series of experiments was carried out in which the concentration of a NaAC-HAC buffer solution and the acetonitrile composition of the eluent were varied. The experimental results show that the optimum eluent was acetontrile-water-0.1 mol/l NaAC-HAC buffer (20+180+30 v/v/v) with flow-rate of 0.9 ml/min.
A chromatogram of a mixture of GSH and Cys injected directly onto the HPLC column with postcolumn CL detection (Fig, l) is shown in Fig. 3 . It can be seen that GSH and Cys can be separated up to baseline by using aqueous acetonitrile as the mobile phase. This CL reaction system, Ce(IV)-SH-Rho-B, is an ideal postcolumn CL detection reaction. It can be used for the determination of other mercapto-compounds in biological fluids with the HPLC-CL method. Therefore, chemiluminescence (CL) is an ideal spectroscopic detection technique for HPLC postcolumn detection.
Nature of CL emission
Cerium(IV), which is formed by the reaction of cerium(IV), is a well-known fluorescent ions, and, therefore, a possible CL emitter. However, other reducing agents, such as Vc, do not generate CL with Ce(IV). This suggests that the simple formation and decay of Ce(III) is an unlikely explanation for the emission. In order to serve as an aid in the interpreting of the chemiluminescence reaction mechanism, the chemiluminescence spectrum and fluorescence spectrum of the Ce(IV)-GSH-Rho-B reaction system were recorded. In the chemiluminescence spectrum, an emission maximum appears at 580 nm. For the chemiluminescence spectra of the Ce(IV)-Cys-Rho-B reaction system, the emission maximum is also at 580 nm, which coincides with that for Rhodamine B fluorescence, which is at 590 nm (Ex=406 nm). It was red-shifted (10 nm) due to the molecular association. This indicated that the emission maximum at 580 nm did not result from the simple formation and decay of Ce(III), which resulted from an energy transfer from a transient complex as an exciter to Rhodamine B.
Therefore, the CL mechanism of the reaction may be attributed the following reactions: In conclusion, based on the mercapto-group (-SH) reductive properties in a sulfuric acid solution, the CL emission is generated upon a treatment with Ce(IV) ions by Rhodamine B as a sensitizer. The sensitizing effect of Rhodamine B might be due to the formation of a transient complex of Ce(III) with a mercapto-group that may transfer their energy to Rhodamine B, which, in turn, generates CL emission.
The recommended method is sensitive, inexpensive and rapid, and is useful for the determination of mercapto-compounds.
Therefore, the method has been used for the determination of GSH and Cys after HPLC separation by using aqueous acetonitrile as the mobile phase, so as to provide extra selectivity to the method.
